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Studies on dialysate mixing in the Genius single-pass batch The single-pass batch system for hemodialysis, devel-
system for hemodialysis therapy. oped by Tersteegen and Van Endert and commercialized
Background. The Genius single-pass batch system for he- as Genius (Fresenius Medical Care AG, Bad Homburg,modialysis contains a closed reservoir and dialysate circuit of
Germany, has recently gained renewed interest [1–3].75 L dialysate. The unused dialysate is withdrawn at the top
Its user-friendliness, the possibility of using ultrapureof the reservoir and the spent fluid is reintroduced into the
container at the bottom. Although it has been claimed that dialysate, and the absence of needing to perform water
both fractions remain unmixed during the dialysis session, no purification on the spot are major assets, especially in
direct proof of this assumption has yet been provided. In the intensive care patients [4].present study, we investigated whether contamination of the
A diagram of the Genius system is displayed in Figureunused dialysate with uremic solutes occurred and at which
1. There are a number of specific characteristics thattime point it began. Two different dialysate temperatures were
compared. distinguish the Genius system from the other current
Methods. Ten chronic hemodialysis patients were dialyzed dialysis machines. First, one double-sided roller pump,
twice with the Genius system, with dialysate prepared at 37C
the circulator (1), simultaneously generates blood andand 38.5C, respectively. The sessions lasted 270 minutes with
dialysate flow, which by definition are the same (maxi-blood/dialysate flow set at 300 mL/min. Dialysate was sampled
at 5, 60, 180, 210, 225, 230, 235, 240, 255, and 270 minutes both mum, 300 mL/minute). Second, the system contains a
from the inlet and outlet dialysate line and blood was sampled closed reservoir of 75 L dialysate (2). The spent fluid (3)
from the arterial line predialysis, after 4 hours, and postdialy- is drained at the bottom of the container and the fresh
sis. All samples were tested for osmolality, urea, creatinine,
dialysate (4) comes from the top of the reservoir. It hasp-cresol, hippuric acid, and indoxyl sulfate.
been claimed that the spent dialysate and the unusedResults. Uremic solutes appeared in the inlet dialysate line
between 3 hours 50 minutes and 4 hours 10 minutes after the (fresh) dialysate remain unmixed during the progression
start of dialysis, corresponding to 68.6 and 74.7 L spent dialy- of the dialysis session because of differences in density.
sate, respectively (37C vs. 38.5C; P  NS). No difference in The used dialysate has a higher density due to the pres-the amount of removed solutes and in the serum levels was
ence of dialyzable uremic solutes and also because of aobserved between 37C and 38.5C. A Kt/V of 1.17  0.20 and
lower temperature compared to the unused dialysate [1].1.18 0.26, respectively, was reached with the 37C and 38.5C
dialysate temperature (P  NS). Several questions can be raised regarding the Genius
Conclusion. Contamination with uremic solutes occurred at system. Among these, adequacy is an important issue.
the dialysate inlet only near the end of the session when small
A number of limiting factors are indeed present such asquantities of fresh dialysate were left in the container. Differ-
a restricted blood and dialysate flow (300 mL/min). Inences in dialysate temperature did not result in a different
separation between used and unused dialysate, or in differences addition, it is conceivable that if mixing of the dialysate
in removal of toxins or Kt/V. would occur, partial recirculation of spent dialysate
would result in a decreased dialysis efficiency. In this
regard and to the best of our knowledge, no studiesKey words: Genius, hemodialysis, uremic solute, adequacy, urea, cre-
atinine, p-cresol, hippuric acid, indoxyl sulfate. have been published with quantitative measurements of
uremic retention solutes. Finally, in accordance with theReceived for publication June 14, 2002
above-mentioned potential impact of dialysate tempera-and in revised form September 9, 2002
Accepted for publication November 13, 2002 ture on its density, it could be supposed that mixing
would become less important as temperature differences 2003 by the International Society of Nephrology
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Table 1. Uremic solutes: Molecular mass and protein binding
Molecular mass Protein binding
g/mol in uremia %
Urea 60 0
Creatinine 113 0
p-Cresol 108 906
Hippuric acid 179 3913
Indoxyl sulfate 251 894
METHODS
Ten chronic hemodialysis patients (eight men and two
women) with a mean age of 61.6  12.1 years and a
mean body weight of 77.0 16.9 kg were studied. Before
the experiments, the patients were regularly dialyzed
with a low-flux polysulfone membrane (F8, surface 1.8 m2
(Fresenius Medical Care) (N  7), low-flux polyamide
S (Polyflux 8L, surface 1.8 m2, N  1) (Gambro, Lund,
Sweden) and high-flux polysulfone (F70 S, surface 1.6 m2;
Fresenius) (N  2) for a mean duration of 252  21
minutes per session. Their blood flow (QB) and dialysate
flow (QD) were set at 342  40 mL/min and 530  95
mL/min, respectively, resulting in a Kt/V of 1.49  0.2.
The experimental dialysis sessions were performed
with the Genius system and high-flux polysulfone mem-
branes (F70 S). The volume of each of the four contain-
ers used in the study was measured three times, and
Fig. 1. Flow chart of the Genius dialysis system. The circulator (1), amounted to 74.63  0.03 L. Blood flow and dialysate
closed container with 75 L dialysate (2), spent dialysate (3), unused flow were set at 300 mL/min. The accuracy of the circula-
dialysate (4), dialyzer (5), ultrafiltrate recipient (6), arterial bloodline
tor pump of each machine in producing the requested(7), venous bloodline (8), sampling port at the inlet dialysate line (9),
and sampling port at the outlet dialysate line (10). dialysate flow was measured in triplicate with a flow
meter (Aquadis , Schlumberger, Brussels, Belgium) and
a dialysate flow of 308  5 mL/min was obtained when
the circulator was set at a pump velocity of 300 mL/min.
between unused dialysate and spent dialysate become The sessions lasted 41⁄2 hours, 20 minutes longer than the
more pronounced. expected circulation time of 75 L at a flow of 300 mL/
In the present study, we investigated whether mixing min. This prolongation was chosen to allow enough time
of the dialysate occurred during the dialysis session. Two space to register the transition from unused to used dialy-
sate. Anticoagulation of the circuit was obtained by low-different dialysate temperatures were compared, 37C
molecular-weight heparin (4350  1435 IU) (Innohep,versus 38.5C. Dialysate samples were collected from the
Leo Pharmaceutical Products, Ballerup, Denmark). Di-inlet (fresh dialysate) and outlet (spent) dialysate lines
alysate composition was as follows: 1.25 mmol/L calciumand tested for uremic solutes such as urea, creatinine,
(Ca), 0.5 mmol/L magnesium (Mg), 140 mmol/L sodiump-cresol, hippuric acid, and indoxyl sulfate (Table 1).
(Na), 35 mmol/L bicarbonate (HCO3), 111.5 mmol/LIn addition, osmolality was measured in the dialysate
chloride (Cl), 5.5 mmol/L glucose, and 0.084 mmol/Lsamples. Uremic solutes were also measured in dialyzer
citrate. Hydrochloric acid (9.87 mL) was used for pHinlet blood samples (taken before, during, and at the
adjustment. Potassium dialysate concentration varied
end of the session). The present study demonstrates that between patients: 3 mmol/L (N  1), 2 mmol/L (N 
contamination with uremic solutes at the dialysate inlet 4), and 1 mmol/L (N  5). Two dialysis sessions were
occurred only near the end of the session when very small studied in each patient. In one experimental dialysis, the
quantities of unused dialysate were left in the container. dialysate was prepared to reach a low temperature at
Dialysate temperature did not alter the separation be- the start (37C) and at the other session it was prepared
tween spent and unused dialysate. Mixing of fresh and to reach a higher temperature (38.5C). Since, with the
spent dialysate was so minimal that it could have only Genius system, the dialysate can only be heated during
the preparation procedure and not during the dialysislimited impact on dialysis adequacy.
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session, spontaneous cooling of the dialysate occurs after molality) or stored at 20C until analysis (urea, creati-
nine, p-cresol, hippuric acid, and indoxyl sulfate).the preparation. The dialysis sessions were started imme-
diately after the preparation of the dialysate. The differ- Blood samples. Blood was collected at the start of
dialysis, before heparin injection, and after 4 hours andent temperatures were applied in random order. Both
sessions were performed on the same dialysis day with 41⁄2 hours of dialysis; these samples were taken from the
inlet (arterial) bloodline. At 4 hours, the blood samplesa 1-week interval. The ultrafiltered volumes were 3.3 
1.0 L and 3.5  0.7 L during the sessions with the low were taken with a rotating blood/dialysate pump. The
polystyrene tubes used for the collection of blood con-and high temperature, respectively.
In three additional patients (all women, aged 77.0  tained 1 mg tetrahydrolipstatin (gift of Hoffman-La
Roche, Basel, Switzerland) in order to prevent impact3.6 years and body weight 83.7  17.8 kg), circulation
of dialysate was continued in vitro for an additional 240 of lipase activity induced by heparin after withdrawal of
the blood on the free fraction of protein-bound com-minutes after completion of the regular dialysis session
of 270 minutes (starting temperature 37C). The aim of pounds such as p-cresol [5]. After immediate centrifuga-
tion at 3000 rpm (CR 412, Jouan, Saint-Herblain, France),this procedure was to recirculate the spent dialysate and
in that way to study the distribution of uremic solutes the serum or plasma samples were stored in polystyrene
tubes at 20C until analysis (urea, creatinine, p-cresol,in the container. For that purpose, the patients were
disconnected after the completion of the session (first hippuric acid, and indoxyl sulfate).
Analytical techniques. Urea (mg/dL) was determinedpassage of unused dialysate through the dialyzer) and
the circulation in the Genius was continued for up to by the Urease/Berthelot reaction and measured photo-
metrically at 570 nm (Genesys 10 vis, Spectronic, Uni-510 minutes after the start (second passage of currently
spent dialysate through the dialyzer). The arterial and cam, Rochester, NY, USA). The detection limit was 0.23
mg/dL.venous lines of the blood circuit, after disconnection
from the patient, were attached to a 2 L bag filled with Creatinine (mg/dL) was analyzed by the Jaffe´ reaction
with the Creatinine Analyzer 2 (Beckman Instruments,1.5 L saline at room temperature; the flow was kept at
300 mL/min. Fullerton, CA, USA) with a detection limit of 0.1 mg/dL.
p-Cresol (mg/dL) was analyzed as described pre-During all procedures either the study nurse or the
physician responsible for the study stayed at the bedside viously [6]. In brief, serum samples were ultrafiltered
with a molecular cutoff of 30 kD (CentrifreeR Micropar-during the entire session to allow immediate reaction on
alarms announcing an imminent arrest of the circulator. tition Devices, Amicon, Inc., Beverly, MA, USA) for the
determination of nonprotein-bound free p-cresol. Sub-The time of circulator stop during each session was calcu-
lated as the difference between the amount of used liters sequently, all samples (serum, ultrafiltered serum, and
dialysate) were acidified with HCl and saturated withdisplayed on the machine and the dialysis time (min-
utes)  QD (0.3 L/min). At the moment of appearance NaCl for deproteinization; p-cresol was extracted with
isopropyl ether and analyzed by high-performance liquidof the uremic solutes in the dialysate inlet, this difference
amounted only to 0.4  0.1 L. When converted in sec- chromatography (HPLC) (Pharmacia, Bromma, Swe-
den) on a reverse-phase column of 4.6 mm  15 cmonds, a circulator stop time of 78  30 seconds was
calculated. (C18, Ultrasphere ODS, Beckman Instruments, San Ra-
mon, CA, USA). p-Cresol was detected by fluorescence
Sample collection at an excitation of 284 nm and an emission of 310 nm
(RF530, Shimadzu, Tokyo, Japan) and quantified onDialysate samples. Dialysate was sampled in polysty-
rene tubes (Merck Eurolab, Leuven, Belgium) at differ- peak height. The concentration of total and free p-cresol
in the samples was calculated from standard curves. Theent time points during the dialysis sessions: 5, 60, 180,
210, 225, 230, 235, 240, 255, and 270 minutes after the detection limit was 0.014 mg/dL.
For analyses of hippuric acid and indoxyl sulfatestart, from both the inlet and outlet dialysate line.
In the three extended sessions, dialysate was sampled (mg/dL), the serum samples were diluted 1:3 with HPLC
water (Acros Organics, Fairlawn, NJ, USA) and separatedup to 510 minutes after the start of the sessions: from
the inlet dialysate line at 210 minutes, subsequently every into two aliquots. One aliquot was ultrafiltered through
a molecular filter with cutoff of 30 kD (CentrifreeR Mi-5 minutes from 225 until 280 minutes, at 300 minutes,
and further every 30 minutes until 510 minutes, and from cropartition Devices) for the determination of nonpro-
tein-bound free concentration. The other aliquot of thethe outlet dialysate line at 5, 10, and 30 minutes and
further every 30 minutes until 270 minutes after the start diluted samples was deproteinized by heat denaturation
and ultrafiltered to determine the total (unbound plusof the session. In these three experiments, samples from
the ultrafiltrate recipient and from the saline bag were bound) concentration [7]. Dialysate samples were used
as such. The obtained ultrafiltrates or dialysates werealso analyzed.
The samples were either processed immediately (os- submitted to HPLC. The apparatus consists of a separa-
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tion module (Waters 2690, Separation Module Alliance, –ln (R  0.008  t)  (4  3.5R)  UF/W
Waters, Milford, MA, USA) and two detectors in series:
where R  postdialysis urea/predialysis urea, UF  thea PDA detector (Waters 996, Photodiode Array Detec-
amount of ultrafiltered fluid (L), W  body weight posttor, Waters, Milford, MA, USA) and a spectrofluorime-
dialysis (kg), and t  dialysis time (hours) [8].ter (474 Fluorescence Detector, Waters, Milford, MA,
USA). Data were processed with Millennium32 Software
(Waters). Analyses were performed on a reverse-phase RESULTS
C18 column of 4.6 mm 25 cm with 5 m microparticles Concentration of uremic solutes and osmolality in the
(Ultrasphere ODS, Beckman Instruments); a guard col- dialysate inlet and outlet lines
umn (4.6 mm  5 cm) was used to protect the main
Figure 2 displays the concentration of uremic solutescolumn. The samples and columns were kept at 10C
and osmolality in the inlet and outlet dialysate lines,and 25C, respectively. The compounds were separated
at different time points during dialysis, with dialysateby gradient elution at a flow of 1 mL/min. The eluents
temperatures of 37C and 38.5C. In the dialysate outletconsisted of a 50 mmol/L ammonium formate (formic
line, a progressive decline in concentration of the solutesacid buffer, pH 3.0, and methanol). A 25 L sample was
and osmolality is observed, reflecting the decreasinginjected automatically on the column from sample vials.
plasma concentration. In the dialysate inlet line, anIndoxyl sulfate was determined by fluorescence detec-
abrupt increase in solute concentration is observed neartion (excitation 280 nm, emission 340 nm), and hippuric
the end of the dialysis session. There are no differencesacid was analyzed by ultraviolet detection at 254 nm.
between both temperatures (P  NS).Calibration curves of the two compounds were used to
calculate the concentrations in each sample. The detec- Appearance of uremic solutes in dialysate inlet line
tion limit was 0.10 mg/dL and 0.009 mg/dL for hippuric during dialysis: Contamination with spent dialysate
acid and indoxyl sulfate, respectively.
The time point at which uremic solutes appear in theOsmolality (mosm/kg) was measured with an Ad-
inlet dialysate line is displayed in Table 2. The differentvanced Osmometer (Advanced Instruments, Norwood,
solutes appear in the dialysate inlet line between 3 hoursMA, USA) based on freezing point determination.
50 minutes (indoxyl sulfate at 37C) and 4 hours 10 min-
Statistics and calculations utes (p-cresol at 38.5C). No significant differences are
observed between dialysis performed with dialysate atData were expressed as means  standard deviation
low temperature compared to the higher temperature.(SD), and were analyzed with GraphPad Prism 3.0
Also, no significant intermutual differences are observed(Graphpad Software, San Diego, CA, USA). Paired t test
between uremic solutes, except for an earlier appearanceor repeated measures analysis of variance (ANOVA)
of indoxyl sulfate compared to p-cresol at the high dialy-followed by Tukey’s multiple comparison test in case of
sate temperature (P 	 0.05).significance, were applied where appropriate. Signifi-
In Table 3, the volume of dialysate that has crossedcance was accepted if P 	 0.05.
the dialyzer when uremic solutes appear in the inlet lineThe amount of removed uremic solutes was calculated
is displayed. Since dialysate flow is fixed at 300 mL/min,as the area under the curve obtained by subtraction of
relative differences are the same as with time (Tablethe concentration in the inlet dialysate line from the
2). Nevertheless, these data are shown as they give aconcentration of the outlet line (GraphPad Prism 3.0).
perception of the exact volume of available clean dialy-In the three experiments with extended measurements
sate. Contamination of inlet dialysate with uremic solutesuntil 510 minutes, the amount of removed toxins was
starts from 68.6 L (indoxyl sulfate at 37C) to 74.7 Lmeasured (1) by area under the curve calculations as
(p-cresol at 38.5C). No differences are observed be-explained above or (2) by summation of the amount in
tween dialysis performed with dialysate at low tempera-the container, the amount in the ultrafiltrate recipient
ture compared to the higher temperature. Also, no sig-and the amount in the saline bag, based on the following
nificant differences are observed between uremic solutesformula:
intermutually, except for a significantly earlier appear-
Removed toxins  (mean concentration of uremic ance of indoxyl sulfate compared to p-cresol at the high
dialysate temperature (P 	 0.05).solutes in inlet dialysate line measured from
At 4 hours 2 minutes and 4 hours 6 minutes of dialysis
250 minutes until 510 minutes  75 L)  (or 72.1 and 73.6 L of used dialysate) at first, an increase
in osmolality of the inlet dialysate is observed during(concentration in ultrafiltrate recipient 
dialysis at 37C and 38.5C, respectively (P  NS). This
ultrafiltrate)  (concentration in saline bag  1.5 L).
increase in osmolality reflects the appearance of uremic
solutes.Kt/V was calculated as:
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Fig. 2. Dialysate concentrations. Inlet dialysate concentration (lower lines) and outlet dialysate concentration (upper lines) in mg/dL of urea (A),
creatinine (B), p-cresol (C), hippuric acid (D), indoxyl sulfate (E), and osmolality in mosm/kg (F). Full line, dialysate temperature at 37C; and
dotted line, temperature at 38.5C.
Table 2. Time point (hours:minutes after start of the session) at which uremic solutes appear in the dialysate inlet line
Dialysate at 37C Dialysate at 38.5C 37C versus 38.5C
Urea 4:010:10 4:040:09 NS
Creatinine 4:000:10 4:050:10 NS
p-Cresol 4:030:12 4:100:15 NS
Hippuric acid 3:530:22 3:590:10 NS
Indoxyl sulfate 3:500:19 3:520:13a NS
Osmolality 4:020:09 4:060:09 NS
a P 	 0.05 vs. p-cresol
Table 3. Used dialysate volume (L) at which uremic solutes appear in the dialysate inlet line
Dialysate at 37C Dialysate at 38.5C 37C versus 38.5C
Urea 71.73.2 72.82.6 NS
Creatinine 71.63.4 73.32.7 NS
p-Cresol 72.53.8 74.74.3 NS
Hippuric acid 69.27.0 71.32.8 NS
Indoxyl sulfate 68.66.4 69.23.8a NS
Osmolality 72.12.9 73.62.4 NS
a P 	 0.05 vs. p-cresol
Amount of removed uremic solutes Serum levels of urea, creatinine, free p-cresol, and
total and free hippuric acid decrease significantly duringThe amount of removed solutes is displayed in Table
the first 4 hours of dialysis; the concentration of free4. No significant differences are noted between the re-
indoxyl sulfate also decreases, but reaches significancemoval of solutes during dialysis with a starting tempera-
only in the session with dialysate at low temperature.ture of 37C compared to 38.5C.
Minor and nonsignificant changes in serum concentra-
Serum concentration of uremic solutes tion are observed for total p-cresol and total indoxyl
sulfate. Beyond 4 hours of dialysis, serum concentrationsThe serum concentrations of uremic solutes before di-
alysis and after 4 and 41⁄2 hours are displayed in Table 5. remain stable.
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Table 4. Amount of removed uremic solutes
Dialysate at 37C Dialysate at 38.5C 37C versus 38.5C
Urea g 31.411.6 32.311.8 NS
Creatinine mg 2080636 2133696 NS
p-Cresol mg 19.110.4 20.812.0 NS
Hippuric acid mg 984634 893613 NS
Indoxyl sulfate mg 93.152.0 85.034.7 NS
Table 5. Serum concentration of uremic retention solutes during dialysis (expressed as mg/dL)
Predialysis 37C Predialysis 38.5C 4 hours 37C 4 hours 38.5C 41⁄2 hours 37C 41⁄2 hours 38.5C
Urea 13037 13043 4922b 5026b 5223b 5121b
Creatinine 10.32.5 10.62.7 4.21.3b 4.31.5b 4.51.5b 4.71.5b
Total p-cresol 0.490.31 0.490.26 0.380.26 0.390.21 0.380.25 0.390.20
Free p-cresol 0.050.04 0.050.03 0.030.02a 0.030.02a 0.020.02b 0.030.02a
Total hippuric acid 8.726.17 7.215.03 2.871.14b 3.001.55b 3.371.64b 3.511.86a
Free hippuric acid 5.114.01 4.213.62 1.360.68b 1.360.77b 1.510.73b 1.861.01b
Total indoxyl sulfate 2.801.42 2.500.97 2.271.07 2.170.94 2.391.00 2.320.91
Free indoxyl sulfate 0.360.27 0.250.12 0.190.11b 0.210.12 0.200.10a 0.210.07
aP 	 0.05 vs. predialysis; bP 	 0.01 vs. predialysis; 37C vs. 38.5C, NS; 4 hours vs. 41⁄2 hours, NS
Table 6. Amount of removed uremic solutes in three extended
experiments, measured as area under the curve of outlet minus
inlet line concentrations (AUC) or as summation of amount in
container, ultrafiltrate recipient, and saline bag (SUM)
AUC SUM
Urea g 28.48.4 30.19.2
Creatinine mg 1877579 2042598
p-Cresol mg 42.929.0 43.929.50
Hippuric acid mg 678441 720479
Indoxyl sulfate mg 49.23.9 57.43.9
with the exception of a rise near the end (240 minutes).
At the inlet dialysate line, a steep increase in urea con-
centration is measured at 240 minutes, subsequently re-
maining at a constant level when the dialysate is recircu-Fig. 3. Measured dialysate concentration of urea at inlet dialysate line
() and outlet line (). lated up to 510 minutes without patient contact. A
comparable evolution is observed for the other uremic
solutes and in the other patients.
The amount of removed uremic solutes in the ex-For all measured solutes, no differences in serum con-
tended experiments, measured as area under the curvecentration are observed between the sessions with the
of outlet line minus inlet concentrations (AUC) or astwo different temperatures at any measured time point.
summation of amount in container, ultrafiltrate recipi-
Urea kinetics: Kt/V ent, and saline bag (SUM) is displayed in Table 6. Apart
from indoxyl sulfate, comparable values are obtained byA Kt/V of 1.17  0.20 and 1.18  0.26 is reached with
the two methods. For indoxyl sulfate, a lower removalthe low and high dialysate temperature, respectively. No
is calculated by the AUC method. Because only threesignificant differences are noted between both tempera-
tures. experiments were undertaken, no statistical analysis was
performed.
Extended experiments
Figure 3 illustrates the evolution until 510 minutes
DISCUSSIONof the dialysate urea concentration in a representative
It the present study, the degree of dialysate mixingpatient. At the outlet dialysate line, urea concentration
gradually decreases during the entire dialysis session, during dialysis with the Genius system is investigated
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measured at the inlet dialysate line (full line) and the
theoretically expected concentration at the inlet dialy-
sate line (dotted line) in the absence of mixing in the
container, for a representative patient (same patient as
in Fig. 3). Theoretically, if no diffusion of urea would
have occurred through the spent dialysate, the urea in
the inlet line would remain zero until 250 minutes. After
that time, the urea concentration would rise abruptly to
the same concentration as measured at the outlet line
in the beginning of the session. From 255 minutes, the
inlet concentration would follow an identical curve as
the outlet concentration, but with a 250-minute phase
interval (Figs. 3 and 4). When comparing this theoretical
curve with the measured one, no resemblance is noticed.
A steep increase in urea concentration in the inlet line isFig. 4. Measured dialysate concentration of urea at inlet dialysate line
measured at 240 minutes, remaining below the expected(full line) () and theoretically expected dialysate concentration at
inlet line in the assumed absence of mixing (dotted line) (). value, at a constant level. It is concluded, from the abrupt
increase of solutes at the inlet line, that almost no diffu-
sion occurs between spent and unused dialysate, both
by measurement of various uremic solutes in the dialy- compartments remaining virtually separated. Further-
sate inlet line. During dialysis sessions with a QB and QD more, because the concentration of solutes remains sta-
pump-speed set at 300 mL/min, uremic solutes appear in ble after their appearance at the inlet line, it is supposed
the inlet dialysate line between 3 hours 50 minutes and that in the spent dialysate a homogeneous mixing occurs.
4 hours 10 minutes of dialysis. Recirculation of uremic To confirm the complete mixing and to rule out the
solutes starts when 68.6 to 74.7 L of dialysate has crossed presence of solute gradients in the container, we calcu-
the dialyzer. lated the amount of removed solutes as mean solute
The Genius system contains a dialysate reservoir of concentration per liter (from 250 minutes until 510 min-
75 L; the spent dialysate is drained at the bottom of the utes) at the inlet line  75 L. Adding up the amount of
container and the fresh dialysate is withdrawn from the solutes present in the ultrafiltrate recipient and the saline
upper part of the reservoir. Theoretically, with the QD bag results in the total amount of removed uremic sol-
pump set at a speed of 300 mL/min and in the absence utes. Since these values are similar, or at least not smaller
of ultrafiltration, 75 L dialysate would cross the dialyzer than the amount of removed solutes calculated as area
over a period of 250 minutes. Hence, if no mixing would under the curve of solute concentration at the outlet line
occur, uremic solutes should not appear in the dialysate (Table 6), it is concluded that the solute concentration
inlet until 250 minutes. We demonstrated that mixing at the inlet dialysate line from 250 minutes on is not an
occurs only to a limited extent and that almost the entire
underestimation of the concentration in the container.amount of dialysate can be used without contamination
Hence, homogeneous distribution of solutes in spent di-with uremic solutes.
alysate without gradients is very likely.Other findings are noteworthy. First, it is found that
The question can be raised why the boundary layerin most patients, the increase in uremic solute concentra-
between used and unused dialysate remains undisturbedtions at the inlet line is abrupt and steep. Second, the
while a complete mixing occurs within the spent dialy-measured inlet concentrations never (even not at 255 or
sate. Of course, solutes present in spent dialysate alter270 minutes) reach the maximal level of outlet concen-
the physical properties of the dialysis fluid such as itstrations, measured at the start of the session (Fig. 3).
density and surface tension. These elements in combina-Such relatively low level can only be expected if adequate
tion with the design of the device (positive pressure in themixing occurs throughout the entire volume of spent
container) may result in the low rate of solute transportdialysate. To further corroborate this hypothesis, an ad-
across the two layers. Another possible influencing factorditional prolonged experiment was performed in three
addressed directly in the present study is the influencedialysis sessions. After the completion of these sessions,
of dialysate temperature on the mixing and efficiency ofthe patients were disconnected and the circulation in the
Genius dialysis.Genius was continued in vitro for another 4 hours.
On theoretical grounds two opposite effects of temper-As in these experiments the total amount of dialysate
ature on solute mixing are expected. First, as the diffu-circulated twice through the dialyzer, it enabled us to
sion coefficient increases with temperature, diffusion insample the recirculating dialysate and hence evaluate
the container is likely to be more pronounced duringthe distribution of uremic solutes in the container. Figure
4 shows the evolution of the actual urea concentration dialysis with the high dialysate temperature. Second, as
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gravitation driven movement is dependent on differences pared to the current markers urea and creatinine. When
comparing the time of appearance at the inlet line ofin density, it is likely that separation between spent and
unused dialysate will be better maintained if the unused the various uremic solutes, no significant differences are
observed between the solutes, except for an earlier ap-dialysate is warmer and hence lighter than the underlying
spent dialysate. In the present study, we evaluated 10 pearance of indoxyl sulfate (3 hours 52 minutes) com-
pared to p-cresol (4 hours 10 minutes) at the high dialy-patients at two different starting dialysate temperatures,
37C versus 38.5C. Although the time points at which sate temperature (P 	 0.05). This difference can be
ascribed either to a distinct diffusive behavior in thethe uremic solutes appear in the dialysate inlet line seem
slightly postponed for the session performed with dialy- container of indoxyl sulfate compared to p-cresol, or to
the lower detection limit of indoxyl sulfate in combina-sate heated to the higher temperature, no significant
differences could be demonstrated between the two tem- tion with the low dialysate concentrations of p-cresol.
peratures. Also, the amount of removed uremic solutes,
Kt/V, and serum concentrations of toxins are similar.
CONCLUSION
Regarding dialysis efficiency, the mean Kt/V values
The present study demonstrates that with the Geniusthat we obtained by 41⁄2 hours of dialysis with the Genius
dialysis system uremic solutes appear at the dialysatesystem were low: 1.17 and 1.18 compared to 1.2 as pro-
inlet only near the end of the session when small quanti-posed by the Dialysis Outcome Quality Initiative (DOQI)
ties of unspent dialysate are left in the container. Prepar-guidelines [9]. The body weight of the patients however,
ing the dialysate at a higher temperature does not resultwas high: mean 77 kg, with two patients above 100 kg,
in a better separation between used and unused dialy-resulting in a high distribution volume for urea (V).
sate, or in differences in removal of toxins or Kt/V.In addition, efficient dialysis with unused dialysate was
performed only during the first 4 hours. After that time
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